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Prosthetic rehabilitation in neurosurgical cranioplasty
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INTRODUCTION

Cranial defects may develop from various causes such as 
congenital and acquired defects such as surgery, trauma, 
and pathological diseases.[1] Such defects are treated using 
cranioplasty to shield the underlying brain tissues. It 
also aids in relieving pain and better appearance leading 
to improved quality of  life. Minor defects of  2–3 cm 
dimension located immediately above the orbital rim or 
nasion may require correction entirely for cosmetic reasons. 
However, defects of  more than 8 cm in dimension at the 
posterior parieto‑occipital junction may require repair 
almost entirely for the purpose of  brain protection.[2] The 
indications for cranioplasty include the social stigma due to 
disfigurement, mechanical vulnerability, painful postsurgical 
cranial defects, and those defects which cannot be repaired 
by other surgical techniques.[3] There are two methods of  
cranial reconstruction, namely, osteoplastic reconstruction 
and other using alloplastic implants. The technique 
adopted by neurosurgeon is the use of  decompressive 

craniectomy (DC) with duraplasty for life‑threatening raised 
intracranial pressure in traumatic brain injury cases. The 
benefit of  DC is reasonably well‑documented worldwide. 
Autogenous bone, alloplastic materials including metals, 
heat‑polymerizing acrylic, polyethylene, and silicone 
are usually used materials.[2,3] However, polyether ether 
ketone (PEEK) is a recently introduced material for 
cranioplasty which is a proved successful implant material 
in orthopedics as well. Titanium has been used recently 
in fabricating cranial prostheses. This metal is strong, 
but light material which is soft enough to be swaged 
in a die‑counter‑die system. Moreover, it can be strain 
hardened and thus becomes stronger with manipulation. 
Sheets which are 0.61 mm thick are adequate, and its 
radiodensity permits most radiographic studies. After the 
metal prosthesis is shaped, trimmed, and polished, tissue 
acceptance of  the implant is enhanced by anodizing it in 
a solution of  80% phosphoric acid, 10% sulfuric acid, 
and 10% water. Hence, this article describes a technique 

The defects of the skull cause mechanical vulnerability of the brain, esthetic disfigurement, and transmission 
of vibrations and pulsation of the brain. Subsequent cranioplasty may be required to compensate for the 
defect and to alleviate various signs and symptoms. When long-term outcome of biomaterial use in pediatric 
cases is limited, alloplastic cranioplasty in adults are supported by several large case series. This case report 
narrates cranioplasty using titanium alloplastic implant material.

Keywords: Cranioplasty, prosthesis, reconstruction, titanium implants, trauma

Abstract

Address for correspondence: Dr. Thara Maria Joseph, Department of Prosthodontics, Government Dental College, Trivandrum Medical College Campus, 
Trivandrum, Kerala, India.  
E-mail: thara.mj@gmail.com
Received: 05th May, 2017, Accepted: 21st November, 2017

Access this article online
Quick Response Code:

Website:

www.j-ips.org

DOI:

10.4103/jips.jips_136_17
How to cite this article: Joseph TM, Ravichandran R, Harshakumar K, 
Lylajam S. Prosthetic rehabilitation in neurosurgical cranioplasty. J Indian 
Prosthodont Soc 2018;18:76-81.

This is an open access article distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows others to remix, tweak, 
and build upon the work non‑commercially, as long as the author is credited and the 
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Case Report 



Joseph, et al.: Neurosurgical cranioplasty

The Journal of Indian Prosthodontic Society | Volume 18 | Issue 1 | January-March 2018 77

of  cranioplasty using titanium implants which is found 
to be biocompatible, lightweight, and clinically stable. 
Cranial prosthesis can be made from casts derived by rapid 
prototyping techniques.

CASE REPORT

A 23‑year‑old male patient  reported to the Department 
of  Prosthodontics, Government Dental College. He 
was referred from the Department of  Neurosurgery, 
Medical College for rehabilitation of  postsurgical defect 
on the left side of  the head caused from firework 
tragedy [Figures 1‑3]. The tragedy resulted in an open head 
injury with left temporoparietal contusion and a fracture of  
the squamous part of  the temporal bone. Postoperatively, 
it was found that the patient had a large bony defect on the 
left side of  the skull with no sensorineural dysfunctions. 
On examination, the defect was found to be approximately 
15 cm × 12 cm in size. He was a college‑going student and 
was more concerned about esthetic recontouring of  the 
defect, and it was of  utmost challenge. The defect that was 
to be restored was large, and a computer‑aided design and 

computer‑aided manufacturing (CAD/CAM) prosthesis 
would have been the most probable option, but considering 
the economic background of  the patient, a custom‑made 
titanium cranial prosthesis was planned and was fabricated 
to recontour the cranial defect.

For fabrication of  prosthesis, outer and inner margins 
of  the defect were located and marked with the help of  
neurosurgeon before impression making. Irreversible 
hydrocolloid (Alginate) was mixed vigorously with cold 
water and spread out over the scalp area. Cotton gauze 
was partially embedded. After setting, 2–3 layers of  quick 
setting plaster was poured to achieve a firm base [Figure 4], 
and the impression was removed and poured in dental 
stone (kalstone) [Figure 5]. As per the instructions of  
neurosurgeon, markings were made 5 mm beyond the edge 
of  the defect, so that 2‑mm diameter holes can be placed 
to fix the prosthesis with titanium implant.

The cast was then painted with a suitable separating 
medium. Molten wax was poured into the defect for the 

Figure 1: Preoperative photographs showing left cranial bone defect 
(frontal view)

Figure 2: Preoperative photographs (lateral view)

Figure 4: Impression of the defectFigure 3: Computed tomography with skull defect
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fabrication of  a wax pattern, and it was carved out from 
inside to simulate the thickness of  the bone [Figure 6]. The 
wax over the defect in cast model was carefully contoured 
and tried for bilateral symmetry. The wax pattern was 
retrieved and used for the fabrication of  titanium mold 
using a 1.2‑mm thick titanium alloy (Ti6Al4V) plate. 
The titanium plate is not made for full thickness of  wax 
pattern; instead, the outer contour only is simulated. The 
minimum thickness of  the titanium mold is 0.5 mm. 
The manufacturing process was carried out by applying 
pressure on titanium plate, which was exerted by two 
pieces of  Duraluminum in which the wax pattern of  
implant was machined. In the titanium implant, 2‑mm 
holes were drilled with same drill bits throughout the plate 
as per the instructions of  neurosurgeon and were tried 
extracranially [Figure 7]. Sterilization of  implant was done as 
per the theater sterilization protocol. The patient was under 
general anesthesia and frequently monitored in the surgical 
theater. Peroperative, after reflection of  flap [Figure 8] 
and exposure of  the bony defect, the implant was made 

to seat in the defect properly [Figure 9]. The screws were 
tightened into the holes to secure implant into position, 
and the flap was sutured back into position [Figure 10]. 
Sutures were removed on the 7th postoperative day, and 
the patient was discharged with uneventful healing. The 
reestablished cranial contour was well appreciated during 
follow‑up [Figures 11 and 12].

DISCUSSION

The physical and mechanical properties of  materials used 
for the fabrication of  maxillofacial prosthesis influence 
success of  prosthodontic treatment. The materials 
commonly used for fabrication of  these prosthesis are 
acrylic resins, acrylic copolymers, various metals, vinyl 
polymers, polyurethane elastomers, silicone elastomers, and 
PEEK.[4] However, none of  them fulfill all the requirements 
for a satisfactory prosthesis.[5] The flexibility, good surface 
texture, and lifelike appearance of  silicone make it the 
most widely used material for fabrication of  maxillofacial 

Figure 5: Retrieved cast Figure 6: Wax pattern of the defect

Figure 7: Extracranial tryin of titanium plate Figure 8: Neurosurgical procedure
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prosthetic material.[6‑8] Recently, CAD/CAM system for 
fabrication of  oral and maxillofacial prosthesis is being 
used. However, its complexity, cost, and nonavailability 
at many centers is a limitation.[7] The advantages of  
cranioplasty include not only the anatomic accuracy but 
also the esthetic contouring as well as maintenance of  
hemodynamics. Most cranioplasty materials are used 
with little adjustments by the surgeon. However, the 
basic principle should not be forgotten; to choose proper 
material for the defect. A cranioplasty material must 
have low infection rates, show low heat conduction, to 
be nonmagnetic, radiolucent, tissue acceptable, durable, 
shapable, and inexpensive.[9] Before achieving bone closure, 
clear bone borders should be obtained, and scalp should 
be dissected from dura. Dural tears should be closed in 
watertight manner. Bone and cranioplasty material should 
touch to each other with maximum capacity. To prevent 
the mobility of  the cranioplasty flap, the material is fixed to 
the bone with proper plates. Prefabrication of  polymethyl 
methacrylate (PMMA) prostheses by hand has been used 

since the 1970s employing various procedures, but these 
methods appear to have been shadowed by newer CAD/
CAM techniques,[10] which basically consist of  using 
imaging from the patients’ cranial defect and prefabricating 
the PMMA prosthesis using a three‑dimensional (3D) 
printer. Certainly, the use of  these techniques becomes a 
challenge for developing and third‑world countries, in which 
limited economic and logistical resources do not allow for 
the extensive use of  such technology. With retrospective 
studies, titanium has proved to be an excellent material for 
cranioplasty, especially with the appropriate technology 
for preparation.[11] Precise communication between the 
neurosurgeon, maxillofacial surgeon, and prosthetist to 
give individual consideration of  the patient’s defect, plate 
design, and orientation is essential. The custom‑made 
implants for cranioplasty showed a significant improvement 
in morphology.[12] The implants may be very useful for 
repairing large‑ and complex‑shaped cranial defect. Using 
a 1.2‑mm thick titanium alloy (Ti6Al4V) plate, the implant 
was fabricated. The manufacturing process was carried out 

Figure 12: Postoperative aerial view
Figure 11: Postoperative view showing excellent adaptation and 
symmetry

Figure 9: Neurosurgical procedure showing titanium implant in position
Figure 10: Sutures placed
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by applying pressure on titanium plate, which was exerted 
by two pieces of  Duraluminum in which the wax pattern 
of  the implant was machined. In the titanium implant, 
2‑mm holes were drilled with same drill bits throughout 
the plate as per the instructions of  neurosurgeon. Titanium 
mold was perforated uniformly, in this case, to prevent 
fluid accumulation beneath the prosthesis, and enhance 
lymphatic drainage, to ensure growth of  fibrous connective 
tissue into the holes for better adhesion of  scalp over the 
prosthesis and also to prevent accumulation of  epidural 
hematoma.[13] Titanium is well established in the field of  
cranial and craniofacial medicine. This is primarily due to 
its biological inertness, favorable strength‑to‑weight ratio, 
and favorable cosmetic and functional outcomes. Another 
key advantage of  titanium is its natural osseointegration 
factor, which promotes active bone growth into the 
implant. Despite its lower Young’s modulus than alternative 
metals, the value for titanium is higher than that of  
natural bone, leading to a lessened, but still present, risk 
of  stress shielding. Titanium implants will often require 
prefabrication leading to an increase lead time and cost. 
In addition, intraoperative alteration remains difficult. 
Studies have shown that titanium implants for cranial and 
maxillofacial applications have a lower survival rate (higher 
complication rate)[14] than alternative materials such as 
PMMA. The manual techniques used are often doubtful 
about its fit and tissue growth. Autografts, allografts, 
xenografts, celluloids, methyl methacrylate, hydroxyapatite, 
silicone, ceramic, metal allografts such as aluminum, gold, 
silver, palladium, tantalum, and titanium are being used 
and among this due to various properties of  titanium as 
discussed, they are used for cranioplasty widely. Recent 
technologies such as 3D computed tomography (CT) and 
stereolithographic models evaluate the exact volume and 
contour of  the defect and thus ensure exact fit of  the 
prosthesis. However, considering the economic status 

of  the patients, clinicians are often forced to deliver 
prosthesis using manual methods. Thus, rehabilitation of  
cranial defect with titanium implants is often a challenge 
to us. Adequate rehabilitation of  skull disfigurement with 
regained strength on left side of  the skull was the highlight 
of  this case report.

CONCLUSION

Number of  patients requiring cranioplasty has increased 
considerably in recent years due to large number of  cranial 
injuries occurring in this modern age. This case report 
illustrates a patient, who was a victim of  firework tragedy. 
His defect was corrected by initial surgical correction and 
cranioplasty with titanium implant. Ongoing researches 
on both biologic and nonbiologic substitutions continue 
with the help of  recent technology. Stem cell experiments 
and development of  morphogenic proteins are expected 
to take place in the short‑term future. This case has been 
reviewed after 2 months, and later, follow‑up was done 
again after 8 months [Figures 13 and 14]. The patient did 
not report any complications till date and CT scan after 
10 months revealed perfect adaptation of  mold to the skull 
without any abnormal findings [Figure 15]. The results 
were appreciable.
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Figure 14: Follow-up 8 monthsFigure 13: Follow-up 8 months
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Figure 15: Computed tomography scan after 10 months


